Abstract Silver nanoparticles were synthesized by chemical reduction method. The surface of silver nanoparticles (SNPs) was modified using polyvinylpyrrolidone to make them more compatible with pyrrole. Surface-modified SNPs were dispersed in pyrrole and polymerized via in situ oxidative polymerization technique. The molar ratio of monomer unit to initiator and dopant was 1:1:1 and the weight percent of SNPs in polymer matrix was varied from 1 to 10. The properties of polypyrrole-silver nanocomposites have been characterized using Fourier transform infrared spectroscopy, X-ray diffraction, scanning electron microscope, transmission electron microscope, thermo-gravimetric analysis and four-probe resistivity meter. All these characterizations indicate that the polypyrrole-silver nanocomposite is successfully synthesized via in situ oxidative polymerization and electrical extent shows suitable conductivity.
Introduction
In recent years, the attention in the improvement of inorganic/organic nanocomposites has increased significantly because of a wide range of potential application of these materials [1, 2] . Among various types of organic compounds, conducting polymers found different applications due to their unique properties. Polypyrrole (PPy) is one of the most promising conducting polymers and received full interests due to its special properties such as high conductivity, simple methods of preparation, stability and good mechanical properties [3, 4] . The mentioned advantages of PPy lead to wide potential applications in various fields, such as rechargeable and lightweight batteries, drug delivery, membrane separation, supercapacitors, sensors, corrosion protection and electronic and electrochromic devices. The unique properties of metal nanoparticles and conducting polymers result in an increasing motivation in the synthesis of nanocomposite materials containing from finely and homogenously dispersed nanoparticles in conducting polymer matrices [5] [6] [7] . On the other hand, the metal nanoparticles, such as silver and gold, have attracted much attention currently due to their high conductivity, therefore potential applications in technological fields. Particularly, SNPs have applications in catalysis, conductive inks, thick film pastes and adhesives for various electronic components, in photonics and in photography. Therefore, the preparation of composite of PPy and silver can be a fresh contest for investigators. However, one major problem in the synthesis of nanocomposite materials derived from the dispersion of nanoparticles in polymer matrices is the aggregation of nanoparticles. Oxidative polymerization exemplifies a new route to access conducting polymers and nanocomposites with conducting polymers matrices [1, 5, 8] . It is one of the important green chemistry processes to prepare multifunctional polymers. This method has been widely used to prepare different types of conducting polymers and their different derivatives [1, 5, [9] [10] [11] [12] [13] [14] [15] [16] [17] . The preparation of nanocomposite of PPy and organic nanoparticles becomes a novel challenge for investigators. For examples, Jing et al. [1] reported effects of hydrogen and electrostatic interaction between SNPs and PPy. Moreover, Lu et al. [18] informed the synthesis of nanocomposites of inorganic particles and polymer via introducing hydrogen and electrostatic interaction by an in situ polymerization method.
In this work, we look forward to synthesizing SNPs via reduction of AgNO 3 and PPy-silver nanocomposites were prepared by in situ chemical oxidative polymerization. Considering excellent electrical properties of PPy and silver it is expected to obtain excellent final electrical properties for their nanocomposites. The impact of different content of SNPs on the structures and properties of the PPy-silver nanocomposites were deeply discussed by means of their characterization with Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), thermo-gravimetric analysis (TGA), scanning electron microscope (SEM) and transmission electron microscope (TEM).
Experimental

Materials
Pyrrole monomer obtained from Merck and was purified in low pressure before using. Ammonium peroxydisulfate (APS), p-toluenesulfonic acid (p-TSA), silver nitrate (AgNO 3 ), tributyl phosphate (TBP) and polyvinylpyrrolidone (PVP) were purchased from Merck and were used as received. All other chemicals and solvents were from analytical grade and were used without any further purification.
Synthesis of hydrophobic silver nanoparticles
SNPs were synthesised according to the following procedure: 1.9 g of PVP was introduced into the container, then 25 ml TBP added and disturbed at room temperature. Then, 0.015 g of silver nitrate was led into the solution. After PVP was dissolved into the TBP. The color of the solution extended within the reaction procedure, from colorless, light yellow, yellow, to orange. The reaction continued for 3 h before a stable solution with nano-silver colloids were attained. The equipped nano-silver/TBP/PVP colloid solution was varied and stirred strongly with 30 ml of deionized water for 45 min before the mixture was divided into two phases: the highest sheet was colorless oil phase, whereas the lowest layer was orange water phase, and hydrophobic nanosilver particles were transferred from TBP into water.
Synthesis of PPy-silver nanocomposites
The nanocomposites of PPy-silver were synthesized via in situ chemical oxidation polymerization. APS and PTSA were used as initiator and pyrrole surfactant dopant, respectively, during polymerization. In a typical process, 6.4 g (0.03 mol) of APS was solved in the 150 ml distilled water and agitated for 15 min. A solution of PTSA in water [5.3 g (0.03 mol) of PTSA in 50 ml water] was introduced into the aqueous solution of APS and mixed for 10 min. Two milliliter (0.03 mol) of pyrrole was added to the 50 ml water and then 0.02 g of SNPs added to the pyrrole solution and ultrasonicated to mark pyrrole to be adsorbed on the outward of SNPs for 15 min. Then pyrrole and SNPs solution was added slowly to the streak covering to APS/ PTSA solution. The blend was stirred for about 5 h at room temperature. The black deposit was washed with ethanol and distilled water several times until the filtrate was pale. Then the samples were withered under vacuum at 50°C for 72 h. Several PPy-silver nanocomposites were prepared with different wt% of SNPs respect to the pyrrole. For assessment, PPy was also synthesized in a similar procedure and used as reference.
Results and discussion
The molecular structures of PPy and PPy-silver nanocomposite were characterized by FT-IR spectroscopy. Figure 1 indicates the FT-IR spectra of samples. As can be seen this figure shows peaks located around 1,451 and 1,463 cm -1 , which correspond to the C-C and C-N stretching vibration in the pyrrole ring, respectively [5, 19] . The peaks around 1,189 cm -1 correspond to the breathing vibration of the pyrrole ring and the peaks near 1,303, Fig. 1 FT-IR spectra of pure PPy and PPy-silver nanocomposites 1,024 and 922 cm -1 can be assigned to the C-H in and outof-plane deformation vibration, respectively [1] . Indeed, the characteristic absorption bands at 1,451, 1,463, 1,189, 1,303, 1,024 and 922 and 765 cm -1 are assigned to the vibration of the typical PPy aromatic rings [20] . When the peaks were compared to the pure PPy, it can be found that the peaks position of the PPy-silver nanocomposites have a little shift to high wavenumber. It was due to the compound between PPy and silver. Also, it could be recognized to the amplified influence of the charge-transfer effect between the polymer chains of PPy and SNPs [1] .
TGA of PPy and PPy-silver nanocomposites was carried out in the temperature range 25-625°C. Figure 2 illustrates the TGA diagrams as can be seen, three steps of weight loss occurs during the TGA of samples. The first step of weight loss is occurred at 50-180°C, which may be due to humidity loss, it is about 10 % weight loss. A slight weight loss happens before 190°C due to the decomposition of oligomers molecules [7, 13, 21] . The second step of weight loss that occurs between 200 and 400°C attributed to the loss of surfactant dopant. The third step of weight loss over the temperature range 400-625°C is due to the thermal decomposition of PPy into a number of chemical forms. About 40 % weight loss occurs at 625°C for pure PPy. Thermal permanency of nanocomposites grows somewhat with growing SNPs weight percent. Though, improvement of thermal stability is not momentous, owing to low weight percent of SNPs [13] .
XRD patterns of PPy-silver nanocomposites confirmed the combination of SNPs in the PPy matrix as shown in Fig. 3 . The general peak with 2h around 23.3°is related to the diffraction of amorphous PPy [1, 19, 22] . Another sharp diffraction peaks at 2h values of 32.4 AE , 38.2 AE and 45.6 corresponded to Bragg's reflections from the (1 1 1), (2 0 0), (2 2 0) planes of silver and were in good treaty with the reported data [1, [22] [23] [24] . This result recommends that the silver cores in the PPy-silver nanocomposites are in FCC phase. From the XRD patterns, existence of SNPs in PPy matrix was established, which is consistent with the result of the TEM. As a result, all of the above experimental clarifications strongly established that the PPy-silver nanocomposites are successfully formed. Figure 4 shows the FESEM micrograph of PPy-silver nanocomposite with pure PPy (a) and PPy-10 % silver (b). As shown by the images, PPy exhibits a routinely cauliflower-like (a) [15] . The particle size of PPy was around 140-320 nm by way of orbicular morphology. This value size is stable reported by other researchers [1, 2, 25, 26] . While, as mention above, XRD configurations specify the existence of silver in the nanocomposite with the size of about 50 nm, the silver are also obscure by means of FE-SEM images. As can be seen from Fig. 4b , the particle size of PPy are smaller than that of pure PPy, it seems that SPNs improve stability of PPy particles, this may affect the morphology of PPy particles. Also, it indicates both almost spherical group particles and some bulk morphology [22] . Therefore, the FESEM results clarify the existence of silver in PPy particles.
TEM micrograph of the PPy-silver (10 %) nanocomposite shown in Fig. 5 . In this figure the black spots presents SNPs and the grey background seems to be PPy. It is clear that SNPs are not ideally spherical, and their mean diameter is in the range of 40-70 nm. Considering both TEM micrographs and corresponding XRD patterns one can say that SNPs is dispersed in the polypyrrole matrix with a little aggregation. However, the extent of dispersion is not homogeneous in the matrix this phenomenon has reported for other nanoparticles in PPy such as Au [18] . Electrical conductivity
For measuring electrical conductivity, PPy and PPy-silver nanocomposites were pushed into cylinder pellet form under 15 MPa. Then, the conductivity at room temperature was measured by a DC voltage/current indicator with fourprobe standard method [17] . The data are shown at Fig. 6 . These data are the average value of four measurements.
The conductivity of the PPy-silver nanocomposites was increased by growing the percentage of SNPs compared to that of pure PPy. The structure of the PPy-silver nanocomposites is likely to contribute to its improved electrical conductivity in the following ways [27] . First, SNPs may use as conducting bridge connecting PPy conducting spheres and increasing the active saturation. Second, in accordance with the FT-IR observations, conductivity results suggested that the interaction between PPy and silver could be responsible for higher conducting than the preliminary constituents. However, the electrical conductivity of PPy-silver nanocomposites (4.9 S m -1 for silver:PPy = 1:10) was slightly decreased with the increase of the feeding mass ratio of pyrrole to silver [24, 27] .
Conclusion
In this work, PPy-silver nanocomposites have been synthesized successfully using a facile route of in situ chemical oxidative polymerization. Structural, morphological, thermal stability and conductivity studies have been performed. PPy and the combination of silver in the polymer matrix was established by FT-IR, XRD, TGA, FESEM and TEM studies. FT-IR results showed that the produced product was PPy and also indicated that some interaction between PPy and silver occurred in the nanocomposites. The electrical conductivity of the considered samples that has been measured with four-probe method was increased by growing the percentage of SNPs compared to that of pure PPy. FESEM and TEM results confirmed that semispherical SNPs with mean diameter in the range of 40-70 nm were dispersed into the PPy with a little aggregation. More significantly, the oxidative synthesis method might be superficial but effective and could be readily used for a large-scale preparation of the PPy-silver nanocomposites, representing a potential application in 
